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In recent years, variable electricity pricing has become available to residential consumers to incentivize load shifting 
and peak demand reductions during traditional midday peak hours. This is especially important in hot climates where 
air-conditioning (A/C) use is the primary cause for peak electricity demand. Thermal storage allows consumers to 
store “cooling” when demand is low and minimize operation of the A/C during peak periods. This paper considers a 
packaged A/C integrated with thermal energy storage using ice for residential cooling applications.  The focus of the 
paper is the development and validation of a generalized control strategy that can be used for available residential 
utility rate structures that include different combinations of time-of-use energy and demand charges.  The generalized 
control strategy is based on a unique combination of different heuristic strategies for charging and discharging of 
storage that are typically applied to commercial-scale A/C systems with integrated thermal energy storage.  In order 
to evaluate overall performance, a model of the proposed system is developed and used to calculate cooling season 
operating costs for different geographic locations and utility rates.  The performance of the generalized strategy is 
evaluated in comparison to the most commonly employed control strategy for commercial ice storage systems, called 
chiller-priority control.  A range of unit capacities, storage sizes, geographic locations, and residential utility rates are 
considered. The resulting decrease in operating cost with the generalized control strategy, when compared to chiller-




Thermal storage has been a popular option in commercial cooling systems; however, it is rarely considered in 
residential applications. One of the major factors is the structure of utility rates. Commercial utility rates have on-peak 
energy charges that are more expensive to encourage off-peak energy use and demand charges that penalize high peak 
power draw. Thermal storage allows the systems to store cooling during off-peak hours and provide cooling with the 
storage during the on-peak hours. Residential utility rates have typically had a flat rate structure, so the inclusion of a 
storage system did not enable significant operating cost savings. However, in recent years, variable rates have become 
more available to residential customers. In addition, high penetration of renewable electricity generation in California 
and other states is leading to utility incentives that promote systems with better demand responsiveness, which can be 
achieved with thermal storage.  Furthermore, the use of a secondary loop with thermal storage enables the use of 
packaged air conditioning (A/C) equipment that can employ low GWP refrigerants that are flammable or toxic. The 
system can also be downsized due to the additional capacity from the storage, which reduces the amount of charge 
required and the size of heat exchangers.  Downsizing of equipment capacity is a significant economic advantage of 
thermal storage along with utility cost savings that can more than compensate for additional costs associated with the 
storage and secondary loop hardware. 
  
Thermal storage has been employed in commercial buildings for a long time, and many heuristic control strategies 
have been developed to improve system performance (Drees and Braun, 1996; Henze, 2003; Kung et al., 2013; Lo et 
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al., 2016, p.; Sun et al., 2006). These control strategies determine how the system operates based on the utility rates. 
The simpler strategies prioritize use of either the chiller or the storage to meet cooling loads during the on-peak periods. 
For strategies that prioritize the chiller, the major operating cost savings are associated with reduced on-peak power 
and energy associated with down-sized equipment.  Strategies that don’t prioritize chiller usage require load-
forecasting to predict the amount of cooling experienced during the peak hours, and this allows the system to maximize 
the use of storage when it is most advantageous and generally yield greater operating cost savings.  One of the more 
effective control strategies for thermal storage in commercial buildings alternates between chiller and storage-priority 
strategies based on rules and operating conditions (Drees and Braun, 1996).  This strategy was developed and 
evaluated for large commercial building utility rate structures that do not include off-peak or anytime demand charges.  
However, residential and many small commercial utility rates do have anytime demand charges. 
 
In this paper, we extend the rule-based control strategy of Drees and Braun (1996) to explicitly handle anytime demand 
changes and evaluate its performance in relation to the original rule-based and chiller-priority strategies for different 
locations and available utility rates. In Section 2, we briefly present the system under study, review the chiller-priority 
and rule-based control strategies, and present sample residential utility rates acquired from a survey of available rates. 
The system model is detailed in Section 3. The generalized control strategy is presented in Section 4, followed by 




2.1 Proposed System Schematic 
The proposed system is a residential sized cooling system. It consists of a packaged A/C, a water-glycol secondary 
loop, and an internal melt ice-on-pipe storage tank. The system schematic is shown in Figure 1. Points 1-4 in the dotted 
area represent the packaged A/C, and points 5-8 represent the secondary loop. The secondary loop connects the 
outdoor packaged A/C to the ice storage tank and an indoor air handling unit. A three way valve at point 6 is used to 
control the charging and discharging rate of the storage. These models are described in detail in Section 3. 
 
 
Figure 1. Schematic of the proposed cooling system with secondary loop and ice storage. 
 
2.2 Chiller-Priority and Rule-Based Control Strategies 
Typical chiller-priority control strategies have two distinct operating modes:  charging and discharging.  The charging 
mode begins during the off-peak period when the building is unoccupied.  The chiller then operates at full cooling 
capacity until the storage is fully charged. In discharging mode, the chiller is operated to meet the building cooling 
load. If the load exceeds the chiller capacity, then storage discharge occurs at a rate sufficient to meet the load. 
Although chiller-priority is far from optimal, it is simple to implement and doesn’t require load forecasting.  The 
primary operating cost savings are achieved by reductions in on-peak energy use and peak demand that occur for days 
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with high cooling loads.  These savings are possible in comparison to a conventional system because the chiller and 
storage are sized such that the chiller must operate nearly continuously at maximum capacity for the design day.  This 
leads to significant downsizing in capacity relative to a conventional system. 
 
Drees and Braun (1996) presented a rule-based controller that combines elements of chiller-priority and storage-
priority strategies, along with a demand-limiting algorithm. The demand-limiting algorithm requires a measurement 
of the total building electrical use. A simpler version of this strategy that doesn’t require the power measurement is 
described in the ASHRAE Handbook of HVAC Applications (2011) and is a starting point for the strategy presented 
in the current paper. The rule-based control strategy uses the chiller-priority charging strategy during the unoccupied 
period, but employs different discharging strategies during the occupied period depending on economic 
considerations.  The strategy minimizes the use of storage (i.e., chiller-priority) if it would not be cost effective to 
replenish the discharged energy (e.g., off-peak utility rates) and if the current chiller load is less than a target load 
limit. Alternatively, if the use of storage would lower daily energy costs and there is sufficient storage to meet the 
remainder of the load for the occupied period without operating the chillers, then the chillers are turned off and the 
load is met by storage alone (full-storage control strategy).  However, if there isn’t sufficient storage to meet the 
remainder of the integrated loads over the discharge period then the control switches to a load-limiting control strategy 
where the chiller operates at the minimum constant load necessary to fully discharge the storage over the discharge 
period.   Finally, if the use of storage is not economical but the chiller load would be greater than a target limit, the 
chiller load is restricted to the maximum of this limit and the load-limiting value necessary to avoid premature storage 
discharge.  The target load limit is reset to zero for each new billing period (i.e., month) and then reset over time as 
the maximum of the previous target and the current load.  Compared to a simple chiller-priority control, the rule-based 
control requires forecasting of future loads but results in significantly greater savings opportunities. 
 
2.3 Residential Utility Rates 
Utility rate structures play a significant role in the control of thermal storage. We surveyed the different rate structures 
currently available to residential customers across the United States using a database (OpenEI.org) maintained by the 
National Renewable Energy Laboratory (NREL) and identified six different structures based on combinations of 
energy and demand charges: 1) Flat Energy only (50 states); 2) Flat Energy with Flat demand (19: AK, AZ, CO, FL, 
ID, IL, IN, IA, KY, MN, ND, OH, OK, SC, SD, TX, VT, WA, WY); 3) Flat Energy with TOU demand (3: CO, FL, 
NC); 4) TOU Energy only (48 states); 5) TOU Energy with Flat demand (4: AL, CO, GA, SC); and 6) TOU Energy 
with TOU demand (4: AZ, NC, VA, WI) 
The most common structure for the residential sector is a flat rate, where the price is the same throughout the day. 
This rate can include a seasonal or monthly change in price. A tiered structure is common for flat rates in which the 
price is based on the amount of energy used in the billing cycle, and the price changes after a certain amount of energy 
is consumed. Flat rates can be separated into flat energy only and flat energy with flat demand. For energy only, the 
energy charge ($/kWh) is the only charge applied and is the typical rate for residential buildings. For flat energy with 
flat demand, a fixed demand charge ($/kW) is included in addition to the energy charge, which is an additional cost 
based on the highest amount of energy used in a 15-minute window throughout the month.  
Many utilities also offer time-of-use (TOU) programs to residential customers. These rates vary the price of electricity 
based on the time of day, usually separating into on-peak, off-peak, and in some cases mid-peak periods. This structure 
encourages customers to shift their power consumption to off-peak periods when the price of electricity is lower. The 
main factors in TOU are the duration of the price periods and the difference in price between different periods. There 
are four different types of TOU rates: flat energy with TOU demand, TOU energy only, TOU energy with flat demand, 
and TOU energy with TOU demand. Sample rates from different utilities that were employed in this study can be 
found in Table 1.  
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Table 1: Sample Residential Utility Rates 
Flat energy with flat demand 
 Flat energy ($/kWh) Flat demand ($/kW) 
Intermountain Rural Electric 
Association (CO) 
0.066 14 
Flat energy with TOU demand 
 








0.057 5.6 (2-8pm) (30-min) 0 








Florida Power & Light 
(FL-MIA) 
0.184 (<1000 kWh) 










(9am-4pm & 7-9pm) 
0.087 












South Carolina Electric 



















0.055 13.5 2.25 
 
 
3. SYSTEM MODEL 
 
This section presents some details of the component and system models used for evaluating the performance of 
different control strategies in this study.  
 
3.1 Ice Storage Model 
An internal melt, ice-on-pipe storage model was developed for the secondary loop. The model follows the approach 
described by West and Braun (1999), in which the heat transfer effectiveness of the storage is used to calculate the 
limit on the rate of change of energy in the tank. The model only considers latent charging and discharging. The rate 
at which energy is removed from the tank is calculated by 
 ,( )tank tank f s f iQ m c T T    (1) 
where ε is the heat transfer effectiveness, ṁtank is the secondary fluid flow rate through the storage tank, cf is the 
secondary fluid specific heat, Ts is the phase change temperature, and Tf ,i is the inlet temperature of the secondary 
fluid. The limit of the rate at which energy can be removed or added to the tank is reached when ṁtank equals the total 
flow rate in the secondary loop. At each time step, the state of charge is calculated by  
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    (2) 
where Xk is the state of charge, k is time index, Q̇tank is the storage charging (+) or discharging (-) rate at time k, Δt is 
the time step, and L is the maximum change in internal energy that can occur during charge or discharge (latent 
capacity). The outlet temperature of the tank at time k is then calculated by 
 , , ( )
tank





    (3) 
West and Braun (1999) developed correlations between the state of charge and the heat transfer effectiveness by curve-
fitting polynomial functions to test data of charging and discharging cycles as shown in Figure 2 and represented using 
Eqs. (6) and (7).  
 
2 3 4 5
0.92 0.62 4.93 17.05 24.02 12.12
c
X X X X X         (4) 
 
2 3
0.49 0.81 0.98 0.67
d
X X X       (5) 
There is a significant decrease in heat transfer effectiveness as the storage tank reaches full charge due to a loss in 
surface area of the ice and water interface caused by the intersecting ice formations. Because of this drop in heat 
transfer effectiveness, the storage was oversized in this study so that 80% of the storage could be used to meet the 
design day loads. There also is a decrease in effectiveness in discharging mode as storage becomes depleted but the 
effect is smaller than for charging. 
 
Figure 2. Ice storage charging and discharging heat transfer effectiveness curves. 
3.2 Chiller Model 
The chiller performance was modeled using ACHP, an open source program for modeling cooling and heating 
equipment (Bell, 2012).  ACHP uses detailed mechanistic models and includes thermo-physical properties of working 
fluids from CoolProp and RefProp libraries. A residential-sized packaged A/C (3-ton) was modeled using ACHP 
which calculates the system performance and capacity at different conditions. A performance map of this packaged 
unit was developed using linear regression on the data generated from ACHP. The map provides the system’s 
maximum capacity and COP at any given ambient temperature and chilled water supply temperature as shown in Eqs. 
(6)-(7). The chiller model presented below is based on a 3-ton chiller rated at 95˚F (35 ˚C) with a chilled water supply 
temperature of 45 ˚F (7 ˚C). This map is normalized so different chiller sizes can be easily implemented into the 
system model. As the chilled water supply temperature decreases, the system loses capacity and efficiency because of 
the lower evaporating temperature as shown in Figure 3 
 5 2 5 21.11 0.12 (6.63 10 ) (2.80 100 )0. 1max chw chw amb amb
rated
Q
T T T T
Q
       (6) 
 3 5 2 3 5 20.49 (3.71 10 ) (1. (3.2261 10 ) 10 ) (6.81 10 )actual chw chw amb amb
rated
COP
T T T T
COP
             (7) 
  3714, Page 6 
 
5th International High Performance Buildings Conference at Purdue, July 9-12, 2018 
The variable Qmax is the chiller’s maximum capacity in W, Qrated is the chiller’s rated capacity in W, Tchw\ is the chilled 
water supply temperature in ˚F, Tamb is the ambient temperature in ˚F, COPactual is the chiller’s coefficient of 
performance at the specified operating conditions, and COPrated is the chiller’s rated coefficient of performance.  
 
Figure 3. Capacity and COP of the modeled packaged A/C at different ambient conditions and chilled water 
supply temperatures. 
 
3.3 Load Model 
A simple conductance model with internal gain was utilized to generate load profiles based on ambient temperatures. 
Weather data for the typical meteorological year (TMY) was obtained from the data set TMY3 provided by the 
National Solar Radiation Data Base (Wilcox and Marion, 2008). Load profiles were then calculated according to  
 ( )
load house amb zone
Q UA T T g   ,  (8) 
where Q̇load is the hourly load in W, UAhouse is the heat transfer coefficient in W/ ºC (calculated by choosing a design 
point of 3 tons at an ambient temperature of 35 ºC), Tamb is the ambient temperature in ºC, Tzone is the indoor 
temperature setpoint in ºC, and ġ is the internal gain of the house, which was assumed to be a constant of 1000 W.  
 
3.4 System Model 
The component models were integrated to form a system model for the cooling system with a secondary loop and ice 
storage. The TMY3 data set provides hourly temperatures that are translated into hourly loads using the load model. 
The cooling season was simulated using 15-minute time steps. The difference between the load and the cooling from 
the chiller is represented by the heat transfer in and out of the storage tank as shown in Eq. (9). This is limited by the 
heat transfer effectiveness of the ice storage model, where the state of charge was updated for each 15-min period. 
The chilled water supply temperature provided by the chiller is 25 ºF (-4 ºC) for charging and 45 ºF (7 ºC) for 
discharging. The water glycol temperatures supplied to the indoor coils are set to be 5 degrees above the chilled water 
supply temperature to the storage during charging, and 5 degrees below the chilled water supply temperature to the 
storage during discharging. The pump flow rate and return temperature from the load are determined iteratively to 
satisfy the load and chiller energy balances of Eqs. (10) and (12), subject to the constraint of Eq. (11) where the mass 
flow rate through the storage tank must be less than or equal to the secondary loop flow rate.  The function fsolve in 
Matlab is used to solve the equations 
 
tank load chiller
Q Q Q                  (9)                   ,( )load sc p return f oQ m c T T    (10) 
tank sc
m m                                 (11)                   ,( )chiller sc p return f iQ m c T T    (12) 
 
 
4. GENERALIZED RULE-BASED CONTROL  
 
In this section, we present a generalized rule-based control strategy for residential buildings and show sample 
individual data comparisons for the generalized control with existing control strategies from the literature. 
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4.1 Generalized Rule-Based Control Strategy 
A generalized rule-based control strategy was developed to work with the available utility rate structures for residential 
buildings; the strategy is loosely based on the method presented in the ASHRAE Handbook of HVAC Applications 
(2011). This strategy determines the charging and discharging scheme based on a given utility rate structure. The 
strategy switches between full storage, load-limiting storage-priority, and chiller-priority. Full storage control relies 
on the storage to meet all loads during an on-peak period with the chiller not operating. Load-limiting storage-priority 
uses load-forecasting to determine a constant rate of cooling during the period that minimizes the demand charge. 
Chiller-priority relies on the chiller to meet cooling loads and tries to minimize the discharging of storage. The 
proposed control logic first determines the period of the day based on the TOU periods (e.g., on-peak, off-peak, mid-
peak). For utility rates that have a flat rate, an “effective” on-peak period is determined as the hours where the cooling 
loads exceed 0.75 of the chiller’s maximum capacity.  
Discharge mode: 
For the off-peak hours, if there is a demand charge, then the chiller operates with a load-limiting strategy to prevent a 
large demand charge. In the absence of a demand charge during the off-peak period, the system uses chiller-priority 
to preserve the storage for the on-peak period. For mid-peak periods, the system operates under a load-limiting strategy 
regardless of the demand charge. For on-peak periods, if there was no mid-peak period, the system also uses the load-
limiting strategy. If there is a mid-peak period, the system uses a full storage strategy during the on-peak periods to 
avoid the much higher energy charge.  For the load-limiting discharge strategy, the chiller loading is determined as 
 










,  (13) 
where Q̇ch is the rate of cooling from the chiller in W, Q̇mid-peak is the cooling load during the mid-peak period in W, 
Q̇on-peak is the cooling load during the on-peak period in W, Qstorage is the maximum possible energy discharged from 




















Figure 4. Control logic for discharging storage in the generalized control strategy. 
Charge mode: 
The storage should be charged during off-peak hours for all utility rates. If there is a demand charge during the off-
peak period, the chiller operates using a load-limiting charging strategy. This means the chiller charges the storage at 
a constant rate that is just sufficient to fully charge the storage at the end of the off-peak period.  If there is no off-
peak demand charge, the chiller charges the storage using a full-capacity charging strategy. This means the chiller 
operates at maximum capacity until the storage reaches the desired charged level and then meets any loads with only 
the chiller.  For the load-limiting charging strategy, the chiller charging rate is calculated by 
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,  (14) 
where Q̇chiller is the rate of cooling from the chiller in W, Q̇off-peak is the building cooling load during the off-peak period 
in W, Qstorage is the cooling required to charge the storage tank to the desired charge in Wh, and t is the duration of the 










Figure 5. Control logic for charging storage in the generalized control strategy. 
4.2 Comparing the generalized rule-based control with existing control strategies 
In order to illustrate the behavior of the rule-based controller, daily comparisons with chiller-priority, full-storage, and 
load-limiting storage-priority control strategies are presented. Sample results for the different control strategies with 
flat energy charges and an all-day demand charge are presented in Figure 6, where the red shaded regions represent 
the “effective” on-peak period. The utility rate is from a utility company in Colorado and charges $0.066/kWh for 
energy along with a demand charge of $14/kW. Chiller-priority only discharges storage when the cooling loads exceed 
the chiller’s capacity (i.e. hours 14-17 for this example). Full storage control meets all on-peak loads with the storage. 
The chiller operates at a higher capacity in full storage control during the off-peak period because it is sized to charge 
a larger storage tank. The rule-based controller has the same behavior as the load-limiting storage-priority during on-
peak hours, because it switches to that strategy for the on-peak period if there is no mid-peak period. The existing 
control strategies operate the chiller at full capacity while charging the storage tank with the exception of chiller-
priority, because it is able to fully charge the storage without using its full capacity within the first time step. If the 
utility rate has an all-day demand charge, then the full-capacity charging strategy will lead to a high demand cost. 
Instead, the generalized rule-based controller charges the system at a lower rate during the off-peak period whenever 
there is an all-day demand charge.  
  
Figure 6. Sample day comparison of control strategies in Colorado under a flat energy rate and all-day 
demand charge. The shaded region represents the “effective” on-peak period. 
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Sample results for the different control strategies for a utility rate structure having a mid-peak period with much higher 
on-peak rates can be seen in Figure 7. The red shaded regions represent the on-peak periods, and the green shaded 
regions represent the mid-peak periods. The utility rate is from a utility company in California and has an off-peak 
energy charge of $0.087/kWh, mid-peak energy charge of $0.149/kWh, on-peak energy charge of $0.316/kWh, and 
no demand charge. Chiller-priority control discharges storage when the cooling loads exceed the chiller’s capacity 
(i.e. hours 12-18 in this example). Full storage control meets all mid-peak and on-peak loads with the storage. The 
load-limiting storage-priority operates the chiller at a constant capacity during the mid-peak and on-peak periods. The 
existing control strategies operate the chiller during the on-peak period with a very high energy charge. The rule-based 
controller shuts down the chiller during the on-peak period and behaves like a full storage control system. Unlike the 
previous sample day, there is no demand charge in the utility rate, so the rule-based controller charges the storage at 
full capacity like the existing strategies.   
 
 
Figure 7. Sample day comparison of control strategies in California under a TOU energy rate with a mid-
peak period and no demand charge. The green shade represents the mid-peak period, and the red shade 
represents the on-peak period. 
5. COOLING SEASON RESULTS 
 
This section presents cooling season simulation results for the different control strategies. Sample utility rates 
presented in Section 2 were used in these simulations to estimate utility costs for different locations and strategies. 
The different control strategies are compared in terms of a total operating cost divided by total system cooling 
delivered over the cooling season ($/ton-h). The cooling season was defined to be May until October for all locations. 
The simulations used weather data from TMY3 for ambient conditions and loads. The indoor set-point temperature 
was 76°F from 10 am to 4 pm on weekdays and 72°F the rest of the time. The storage and chiller were sized based on 
a design day analysis using a partial-storage strategy and the assumption that the chiller operates continuously at full 
capacity and storage operates between 0 and 80% of its available storage capacity.  The three partial storage control 
strategies (chiller-priority, load-limiting storage-priority, and general rule-based control) were simulated using a 3-ton 
chiller with 125 gallon of ice storage for FL, AL, SC and NC, and a 3-ton chiller with 175 gallon of ice storage for 
CA and CO. The operating cost of each location per unit of cooling provided ($/ton-h) was separated into energy and 
demand as shown in Figure 8. Results are presented in this normalized manner so that they can be readily scaled for 
large implementations. The blue, yellow, and green bars represent the different control strategies while the cross-
hatched portions represent the incurred demand cost at each location. 
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Figure 8. Operating costs ($/ton-h) comparisons between different control strategies.  
The results show that the generalized rule-based control had significantly lower operating costs compared to chiller-
priority at every location. Both the generalized rule-based control and load-limiting control maximize the use of 
storage every day, while chiller-priority minimizes the use of storage. The generalized control is able to take advantage 
of the lower energy charges during the on-peak hours which leads to a lower operating cost. The energy cost for the 
generalized control was slightly higher than chiller-priority in FL (LAK), since the unit spends more time in charging 
mode with a drop in efficiency. But this penalty is offset by the reduction in demand costs, and the generalized control 
still had an overall lower cost than chiller-priority.  
 
Load-limiting storage-priority is an alternative, and relatively simple, control strategy that also uses load-forecasting 
to maximize the use of storage. There is no difference in performance between the generalized control and load-
limiting storage-priority in FL (MIA) and FL (LAK). In FL (MIA), the sample utility rate was TOU energy only, and 
in FL (LAK), the sample utility had an on-peak demand charge. On the other hand, there are significant differences in 
performance for California where the sample utility rates have both on-peak and mid-peak energy charges.  In this 
case, the generalized rule-based control was able to decrease the operating cost by shutting down the chiller during 
the on-peak hours. In the remaining locations, the sample utility rates have either an all-day demand or an off-peak 
demand. The generalized control’s charging strategy lowered the demand cost in each location when compared to the 
other control strategies. This was particularly important for utility rates with a high demand cost (CO), where the 
operating cost of the system decreased by 40%. The generalized control avoided a high demand charge by charging 




In this paper, we defined a generalized rule-based control strategy for thermal storage systems applied to cooling in 
residential buildings that works well for residential utility rates structures that are available today. This control strategy 
was compared in simulations against simple chiller-priority and storage-priority control strategies available in the 
literature in terms of total cost over a cooling season. A system model consisting of an ice storage model, a packaged 
A/C model, and a load model was created in order to conduct the simulations for different sample residential variable 
utility rates.  The results showed that the generalized control strategy reduced operating costs by up to 40% when 
compared to chiller-priority. The generalized control also performed better than a load-limiting storage-priority under 
all-day or off-peak demand, and reduced the demand charges by up to 50%. 
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NOMENCLATURE 
 
L Latent capacity (kW) T Temperature (ºC) 
c Specific heat (kJ/kg-ºC) t Time period (hour) 
g Internal gain (kW) UA Heat transfer coefficient (W/ºC) 
m Mass flow rate (kg/s) X State of charge (-) 
Q Heat transfer (W) ε Heat transfer effectiveness (-) 
      
 
Subscript 
amb Ambient i Hour 
c Charge mode k Time step 
chw Chilled water supply return Secondary fluid at indoor coil outlet 
d Discharge mode s Phase change 
f,i Secondary fluid at storage inlet sc Secondary loop 
f,o Secondary fluid at storage outlet zone Indoor set point 
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